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TO ALL WHOM IT MAY CONCERN: 

u BE IT KNOWN THAT WE, 
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yj Drive, Cincinnati, Ohio 45230 

m 
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BS. 

p Douglas C. McFaddin, a citizen of Canada, residing at 4090 Sharon Park Lane, 
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h 

H have invented a new and useful 
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of which the following is a specification. 
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IMPROVED PROCESS FOR PRODUCING 
BONDED ACTIVATED CARBON STRUCTURES 
AND ARTICLES 

BACKGROUND OF THE INVENTION 
Field of the Invention: The present invention relates to an improved process for 
producing bonded activated carbon structures wherein the activated carbon particles are 
bonded utilizing polyolefin resin microfme powders. The process utilizes microwave 
radiation to heat a mixture of the activated carbon and polyolefin resin binder in a 
microwave transparent container. The heated mixture is compacted and cooled to 
maximize point bond formation within the structure. 

Description of the Prior Art: Bonded adsorbent structures are known and have been 
used for numerous industrial applications. Bonded adsorbent structures wherein the 
adsorbent particles, including activated carbon, are coated with a polymeric binder are 
disclosed in U.S. Patent No. 3,091,550. Bonded carbon articles, including shaped pellets 
and larger articles produced therefrom, are also disclosed in U.S. Patent No. 3,474,600. 

U.S. Patent No. 3,721,072 discloses a filter device having granulated activated 
carbon bonded into a unitary mass with a bonding agent which occupies no more than 
one-half the available space between the carbon granules. 

Numerous other references, including U.S. Patent Nos. 4,061,807; 4,664,683; 
4,665,050; 4,753,728; 5,019,311; 5,033,465; 5,078,132; 5,147,722; and 5,331,037, relate 
to various aspects of bonding individual adsorbent particles to one another using adherent 
binders. 



The technique of bonding contiguous adsorbent particles through a binder particle 
"bridge" to create a unitary self-supporting structure is referred to as point-bonding. 
While numerous processes involving the application of heat, pressure and, in some cases, 
shear have been developed for the production of point-bonded articles, there is a 
continuing need by the industry for improved manufacturing procedures. For example, in 
the manufacture of absorbent canisters, such as in water filters or automotive evaporative 
emission canisters, whereby the activated carbon particles are commonly employed to 
adsorb organic molecules, hydrocarbons or other vapors. Since most emission canisters 
are designed with partition plates and similar structural components to lengthen the path 
of the vapors as they pass through that activated carbon, it is impractical utilizing 
heretofore known technology to manufacture canisters wherein the activated carbon 
adsorbent bed is a unitary bonded structure. As a result, most canisters utilize a loose bed 
of the adsorbent particles which are prone to channeling and the production of fines, both 
of which reduce vapor adsorption efficiency. 

The effects of microwaves on the surface properties of active carbon in terms of 
acidity or basic functionally changes have been studied. Also, microwave energy has 
been used for drying and regeneration of activated carbons and other powder materials. 
In still other instances polymer composites or mixtures have been formed or heated with 
microwave energy. For example, in British Patent Specification 1340503, compacted 
sintered mixtures of polytetroflouroethylene powder and carbon powder, e.g., powdered 
graphite or coke flour, have been subjected to microwave radiation to form cohesive 
products. The discs were placed in a 240 MHz microwave field and heated for 10 
minutes. Moore, et al, in Ceram. Eng. Sci. Proc (1993), 14(9-10), 848-855 report the 
use of microwave energy to remove polymethyl methacrylate binder from alumina 
compacts to produce very clean ceramic substrates. The regeneration of activated carbon 
to remove volatile nonpolar organic substances and foulants adsorbed in gold recovery 
processes have also been respectively disclosed by Ning, et al., Chinese Patent No. 
1277891 and Bradshaw, et al., in J.S. Afr. Inst. Min. Metall H998) 98(4), 201-210. 
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With the improved process of the invention, it is now possible to rapidly and 
continuously produce bonded activated carbon adsorbent structures. Furthermore, it is 
possible to produce these structures in a variety of configurations and, if desired, in a 
container or housing which becomes part of the final structure. These and other 
advantages will be apparent from the description of the invention which follows. 

SUMMARY OF THE INVENTION 

The invention relates to a process for producing bonded activated carbon 
structures. The improved process comprises (a) preparing a substantially homogeneous 
particulate mixture by combining 70 to 95 weight percent, based on the total weight of 
the mixture, of a polyolefin resin powder having an average particle size between 5 and 
125 microns and 5 to 30 weight percent, based on the total weight of the mixture of a 
particulate activated carbon; (b) introducing the particulate mixture prepared in (a) into a 
microwave transparent container; (c) exposing the container containing the particulate 
mixture to microwave radiation to increase the temperature of the activated carbon 
particles 3 to 30°C above the crystalline melting point of the polyolefin resin; 
(d)compacting the particulate mixture to increase contact between the particles; and (e) 
lowering the temperature of the particulate mixture below the melting point of the 
polyolefin while maintaining point bond formation conditions. 

In one aspect of the invention the bonded activated carbon structure is utilized 
with the container in which it is formed. The bonded adsorbent bed and container are the 
finished article or a component of the finished article. In another embodiment the bonded 
activated carbon structure is separated and removed from the container in which it is 
formed. In this latter case the container simply functions as a mold. 

Especially useful bonded structures are produced utilizing ethylene homopolymer, 
propylene homopolymer, and ethylene or propylene copolymer binder powders, 
particularly microfine polyethylene and ethylene-propylene copolymers wherein the 
particles are spheroidal or substantially spheroidal in shape. It is particularly 
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advantageous when the particulate mixture is formed with binders of the above types and 
granular activated carbon having an average particle size of 5 to 300 mesh. Preferred 
particulate mixtures contain 75 to 92.5 weight percent of the activated carbon and 7.5 to 
25 weight percent of the polyolefin resin binder. 

The activated carbon particles are bonded in fixed relationship to each other by 
the polyolefin resin binder. This is accomplished without significantly reducing the 
hydrocarbon adsorption capacity of the activated carbon particles and without 
substantially reducing the vapor permeability of the bonded mass. As a result of each 
particle being fixed in position relative to adjacent particles, movement of the particles 
which can result in the formation of fines and compaction/rearrangement of the adsorbent 
bed, is eliminated or minimized. Other advantages of the inventive process include 
adaptability to rapid, continuous operation and the ability to produce articles of varying 
shapes and articles wherein the container in which the bonded adsorbent structure is 
formed is a component part of the finished article. Furthermore, structural components 
which are part of or positioned within the container, such as partitioning plates or the 
like, may be molded within the unitary adsorbent bed. 

There are also provided articles of manufacture produced by the improved process 
of the invention. Articles produced by the process of the invention consist of a unitary 
porous adsorbent structure within a microwave transparent containment means. 

DETAILED DESCRIPTION 

In accordance with the present invention, a mixture of activated carbon particles 
and polyolefin resin binder particles are introduced into a microwave transparent or 
substantially microwave transparent container and exposed to a microwave radiation 
source to heat the activated carbon above the crystalline melting point of the polyolefin. 
The heated mixture is then compacted, such as by applying moderate pressure, to 
increase particle contact. While in this compacted state, the temperature of the mixture is 
lowered to below the melt point of the polyolefin thereby forming point bonds to fix the 
position by the activated carbon particles relative to each other and provide a unitary 
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porous adsorbent bed within the container. Details of the essential features of the 
invention are described below. 

THE PARTICULATE MIXTURE 

Activated carbons useful for the present invention are any of the predominantly 
amorphous products characterized by having a large internal surface area and pore 
volume. Products produced by either thermal or chemical treatment, i.e., activation of the 
precursor material, can be used. The activated carbon can be used as such or, if desired, 
composite materials wherein the activated carbon is combined with a binder material, 
such as clays, can be employed. While powders may be used for the process, it is 
generally preferred to use granules, pellets or other shaped products such as saddles, rods, 
or the like. Choice of the particular type of activated carbon used will depend upon the 
intended application, bed design and process requirements. Use of activated carbon/clay 
composites may be advantageous. Composites of this type are commonly used for the 
production of shaped activated carbon products. For example, cylindrical pellets and 
rods are typically manufactured by extruding activated carbon/clay composite materials. 

Granular activated carbon products useful for the invention will typically have an 
average particle size of 5 to 500 mesh and, more preferably from 25 to 325 mesh. 
Extruded pellets or rods can have diameters ranging from 1 to 8 mm and, more 
preferably, from 2 to 5 mm. Representative granular activated carbons which can be used 
for the process are NUCHAS® WV-A 900, WV-A 1100, WV-A 1500 and WV-B. 
Representative pelletized products include NUCHAR®BAX-1100, BAX-1500, BX-7530 
and BX-7540. 

Although activated carbon does not have a dipole moment, heating occurs in the 
carbon particles exposed to microwave energy. This heating is generally believed to be 
due to "resistive" heating. In carbon samples it has been observed that electric fields 
generated by microwaves cause electrons to flow in the material. Being relatively poor 
conductors, however, the resistance to flow generates heat. Moisture associated with the 
activated carbon particles may also contribute to the heating. The dipole of water 
molecules interacts with microwave electric fields and it has been reported that adsorbed 
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water on and within activated carbon materials retains its liquid character and thus 
adsorbs microwaves. 

Present with the above-described activated carbon is a microfine polyolefin resin 
powder which serves as the binder and results in the formation of point bonds within the 
resulting unitary adsorbent bed. Polyolefins useful for the invention include ethylene 
homopolymers or copolymers and propylene homopolymers or copolymers. While other 
thermoplastic resins can be employed, such as polystyrenes, polyamides, polycarbonates, 
polyurethanes, vinyl resins and the like, homopolymers of ethylene and copolymers of 
ethylene with other olefmic monomers, such as C 3 .g a-olefins, vinyl carboxylates and 
alkyl acrylates and methacrylates, are preferred. These resins have crystalline melting 
points within the preferred operating parameters of the process and melt viscosities of 
these resins are favorable for forming point bonds at discrete regions on the activated 
carbon particles without significant blinding of the pores. Furthermore, powders having 
the requisite particle size are readily produced with these polymers. 

Especially useful resins are ethylene homopolymers and copolymers of ethylene 
with propylene, butene-1, hexene-1, octene-1, vinyl acetate, methyl acrylate, ethyl 
acrylate, and n-butyl acrylate. Polymers having crystalline melting points from 50 to 
200°C and, more preferably, within the range 90 to 170°C and melt indexes from 
fractional to 1000 g/10 min and, more preferably, from 1 to 200 g/10 min. are useful for 
the process. For reasons which will be more fully apparent hereafter, nonpolar 
polyolefins, such as polyethylene, are especially useful binders for the present process. 

The polyolefin resin binders are employed in powder form. Useful powders have 
an average particle size between 5 and 125 microns and, more preferably, between 7 and 
60 microns. In an especially useful embodiment of the invention, the polyolefin resin 
powders, and especially nonpolar polyolefin powders, are microfine powders which are 
spheroidal or substantially spheroidal in shape produced using dispersion procedures. 
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Microfine powders produced directly from polymerization processes, as well as 
those formed through grinding, sieving, precipitation or dispersion methods will all work 
as a binder in this process. Microfine powders produced using dispersion processes have 
substantially narrower particle size distributions than powders produced by precipitation, 
grinding or milling. Microfine polyolefin powders are conveniently produced using the 
dispersion techniques described in U.S. Patent Nos. 3,422,049, 3,432,483 and 3,746,681, 
details of which are incorporated herein by reference. In these powder-forming 
dispersion processes, the polyolefin is charged to the reactor with a polar liquid medium 
and nonionic surfactant and a dispersion is formed in accordance with conventional 
dispersing procedures described in the art. 

The dispersing apparatus may be any device capable of delivering sufficient 
shearing action to the mixture at elevated temperature and pressure. Conventional 
propeller stirrers designed to impart high shear can be used for this purpose. The vessel 
may also be equipped with baffles to assist in dispersing the copolymer. Particle size and 
particle size distribution will vary depending on the shearing action which, in turn, is 
related to the stirrer design and rate of stirring. Agitation rates can vary over wide limits. 

The dispersion process is typically carried out in a vessel which enables the 
powder-forming process to be conducted at elevated temperature and pressure. In the 
usual batch process, all of the ingredients are charged to the vessel and the mixture is 
heated to a temperature above the melt point of the copolymer. While the temperature 
will vary depending on the specific polymer being used, it will typically range from about 
175°C to about 250°C. Since the fluidity of the dispersion is temperature dependent, it 
may be useful to carry out the process at temperatures substantially above the melting 
point of the polymeric blend to facilitate formation of the dispersion; however, the 
temperature should not exceed the thermal degradation temperature of the polymer. 

Stirring is commenced after the desired temperature is reached and continued 
until a dispersion of the desired droplet size is produced. This will vary depending on the 
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particular polymer being used, temperature, amount and type of surfactant, and other 
process variables. 

A polar liquid medium which is not a solvent for the polyolefin is employed as 
5 the dispersant for the formation of these microfine powder supports. These polar media 
are hydroxylic compounds and can include water, alcohols, polyols and mixtures thereof. 
It is particularly advantageous to use water as the dispersing medium or a liquid medium 
where water is the major component. 

The pressure of the process is not critical so long as a liquid phase is maintained. 
In general, the pressure can range from about 1 up to about 250 atmospheres. The 
process can be conducted at autogenous pressure or the pressure can be adjusted to 
exceed the vapor pressure of the liquid medium at the operating temperature. 

To form acceptable dispersions, one or more dispersing agents are necessarily 
employed. Useful dispersing agents are nonionic surfactants which are block copolymers 
of ethylene oxide and propylene oxide. Preferably, these nonionic surfactants are water- 
soluble block copolymers of ethylene oxide and propylene oxide and have molecular 
weights greater than about 3500. Most will contain a major portion by weight of ethylene 
oxide and are obtained by polymerizing ethylene oxide onto preformed polyoxypropylene 
segments. The amount of nonionic surfactant employed can range from about 4 to about 
50 percent, based on the weight of the copolymer. 

Useful nonionic surface active agents of the above type are manufactured and sold 
25 by BASF Corporation, Chemicals Division under the trademark Pluronic. These 
products are obtained by polymerizing ethylene oxide onto the ends of a preformed 
polyoxypropylic base. A wide variety of products of this type wherein the molecular 
weight of the polyoxypropylene base and the polyoxyethylene segments is varied are 
available. It is also possible to employ products sold under the trademark Tetronic which 
30 are prepared by building propylene oxide block copolymer chains onto an 
ethylenediamine nucleus and then polymerizing with ethylene oxide. 
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The activated carbon and polyolefin binder resin are combined to form a 
homogeneous mixture, i.e., a mixture wherein the smaller binder powder particles are 
substantially uniformly mixed with the larger activated carbon particles which comprise 
the bulk of the mixture. Mixing may be accomplished by conventional means for mixing 
dry components, such as with a rotary blender or tumbling device. High-speed, high- 
shear mixing should be avoided in order to preserve the integrity of the frangible 
activated carbon species. The mixture is broadly comprised of 70 to 95 weight percent 
activated carbon and 5 to 30 weight percent polyolefin resin binder. Highly useful 
products are produced in accordance with the process of the invention using mixtures 
containing 75 to 92.5 weight percent activated carbon and 7.5 to 25 weight percent binder 
resin. Weight percentages referred to above are based on the weight of the total mixture. 

THE MICROWAVE TRANSPARENT CONTAINER 

In the next step of the operation, the particulate mixture is transferred to a 
microwave transparent container. The container and its contents will subsequently be 
exposed to microwave radiation to heat the activated carbon above the crystalline melting 
point of the polyolefin resin so that point bonds can be formed between the activated 
charcoal particles. Care should be used to maintain homogeneity, i.e., uniformity, of the 
mix during transfer. It is possible in some instances to mix the activated carbon and 
binder powder directly in the container, provided a homogeneous mix can be obtained. 

The containers are constructed of materials which are microwave transparent or 
substantially microwave transparent, i.e., materials which do not interact with the 
microwave electric field to a significant extent. Such materials can be nonpolar or posses 
low polarity such that they are generally recognized to be insulating or nonconducting. 
Additionally, the materials from which the containers or molds are constructed should be 
substantially free of microwave-receptive materials such as polar compounds (e.g., 
water), ionic compounds or conductive compounds. Containers produced from 
nonconducting thermoplastics and glass are highly useful for the invention. Polyolefins 
and polyamides are especially useful container materials. Polyethylene and 
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polypropylene are particularly useful polyolefins. Nylon 6, nylon 64, nylon 6,6, nylon 
610, nylon 612, nylon 1 1 and nylon 12 are particularly useful polyamides. The particular 
nonconducting polymer used will be selected to a large extent based on whether it will 
simply serve as the mold to produce a free-standing bonded structure or whether it will be 
part of the finished article. In the latter case, the structural design of the container and 
intended application of the finished particle will also play a large role in the selection of 
the resin. For example, for automotive hydrocarbon emission canisters, a resin capable of 
being readily molded to the appropriate shape and having good thermal and chemical 
resistance would be selected. 

When free-standing, bonded adsorbent articles are produced, the point bonded 
adsorbent is removed from the container in which it was formed after compaction and 
cooling below the melting point of the binder. In this case the container simply serves as 
a mold. Such procedures may be utilized for the production of replacement cartridges 
such as might be employed for water filtration or the like. This is most readily 
accomplished utilizing a container having smooth interior surfaces to facilitate separation 
of the bonded activated carbon structure from the container, i.e., mold. The material used 
for container construction, whether thermoplastic or other, should be one which exhibits 
little adhesion for the binder. Adhesion of the adsorbent bed to the walls of the container 
is, however, typically not a problem even if a polyolefin container is employed, since 
heating is concentrated within the particulate mass and there is minimal heat transfer to 
the container due to rapidity with which the process can be conducted. This is a marked 
improvement over heretofore practiced procedures heated by conventional means, such 
as in an oven, where the container and its contents are all at essentially the same 
temperature. Such processes which rely on heat transfer to achieve the desired 
temperature of the material within the mold, generally require prolonged heating and the 
temperature of the container is at least as high, and in most instances, higher than the 
temperature of the particulate mass within the container. 

One of the advantages of the process of the invention is the ability to form a 
bonded adsorbent bed in a container which is part of the finished article. Containers 
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utilized for constructions of this type may differ significantly from containers used solely 
as molds; however, in general, containers may be of rigid, semi-rigid or flexible 
construction. If the latter, the bonded activated carbon adsorbent bed will impart 
structural integrity to the finished article. The container may be constructed from sheet 
material, film, screen or fabric, which can be either woven or nonwoven. Some 
constructions may combine one or more of these material forms. Shape and size of the 
containers can vary widely and will depend on the article being produced. The only 
requirement is that the container be microwave transparent, or substantially so, and 
capable of supporting the particulate mixture in the desired configuration during the 
subsequent microwave heating, compaction and cool down. Thickness of the container 
walls can vary widely and will depend on the function of the container. When the 
container functions as a mold, the container walls are typically thicker - up to an inch or 
more in some instances depending on the material used for mold construction. Thinner- 
walled containers are generally employed where the container is to be part of the finished 
article. In this case economics dictate the least possible material which meets the 
requirements of the application be used for container construction. 

The many advantages of the present processes and ability to adapt the process to a 
variety of improved manufacturing operations are apparent to those skilled in the art of 
this technology. It is envisioned that improved continuous manufacture of bonded 
absorbent articles, with or separated from the structure used to contain the particulate 
mixture, would be facilitated by the process. For example, for the production of 
cylindrical bonded activated carbon articles, the particulate mixture may be continuously 
loaded into a thermoplastic film tube as it is formed and the loaded tube exposed to 
microwave radiation to bond the adsorbent particles within. Compaction of the 
particulate mass as required by the process could be accomplished by vibratory or 
mechanical means or, if the thermoplastic containment film is a heat shrinkable material, 
by thermal treatment. After cool down, the bonded activated carbon cylinder would be 
cut into appropriate lengths and, if desired, the film surrounding the bonded activated 
carbon cylinder could be removed. Similar procedures are possible for the production of 
articles of different shapes or where a fabric is used as the containment material. 
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In one highly useful embodiment, thermoplastic articles comprising a unitary 
porous activated carbon structure within a functional containment means are provided. 
Such constructions can include, for example, in-line filtering devices, hydrocarbon 
emission canisters and the like. These articles will typically have inlet and outlet 
openings and, depending on the application and location of the inlet and outlet ports, one 
or more partitions or baffles to direct the liquid or vapors within the activated carbon 
adsorbent bed to maximize the path of travel and achieve optimum adsorption efficiency. 
The inlet and outlet ports may be at opposite ends of the article, as with elongated 
cylindrical filters, or at the same end provided suitable partitions/baffles are incorporated 
for directing flow within the adsorbent bed. Additional ports, such as air intake ports, 
may also be incorporated. Depending on the location of the ports, screens may be 
necessary within the container to retain the particulate mixture during transfer and before 
point bonding. Alternatively, a grid having perforations suitably sized to retain the 
activated carbon particles may be injection molded into any openings located at the 
bottom and sides of the container. 

In one method for producing useful articles in accordance with the invention, the 
top of the container is open. While this is the conventional practice where the bonded 
adsorbent is to be removed from the mold, it is also advantageous for the manufacture of 
constructions where the container used for molding is part of the finished product. This 
facilitates introduction of the particulate mixture and uniform distribution of the mixture 
around any structural features within the container, e.g., partitions, baffles, etc. It also 
facilitates compaction since the top of the particulate mixture is exposed and readily 
accessible for application of pressure by hydraulic means, inflatable bladder or the like. 
Upon completion of the point bonding operation, a top may be joined to the structure 
containing the bonded activated carbon so that the adsorbent bed is enclosed within the 
unitary thermoplastic construction. Joining the two sections may be accomplished using 
suitable adhesives, linear welding or the like. 
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It is not, however, necessary to have the top of the container removed in order to 
conduct the process. Containers may be molded as a single unit and the particulate 
mixture introduced through an open port and disposed within the desired volume of the 
container. This procedure requires the interior of the molded container have little, if any, 
interior structure to interfere with the ability of the activated carbon/binder mixture to be 
distributed throughout the interior cavity. Compaction in this situation can be 
accomplished by means of a bladder capable of being introduced, when deflated, through 
one of the ports. After insertion into the container, the bladder would be inflated to 
engage the particulate mixture and provide the desired degree of compaction for effective 
point bond formation. 

FORMING THE POINT BONDS 

The microwave transparent container and particulate mixture contained therein 
are exposed to a microwave radiation source to increase the temperature of the activated 
carbon 3 to 30°C above the melting point of the polyolefin resin binder. This amount of 
temperature increase is sufficient upon compression to form point bonds in those discrete 
regions where the binder powder contacts the activated carbon particles but without 
increasing the melt viscosity of the polyolefin to such an extent to cause significant flow 
and blinding of the activated carbon pores. Furthermore, by using microwave radiation 
the heat is generated within the particulate mixture. This makes it possible to 
significantly reduce the heatup cycle time and also provides more uniform temperature 
throughout the particulate mass, i.e., avoidance of localized "hot spots," as commonly 
occurs using conventional heat transfer technology. 

Conventional microwave sources capable of operating at frequencies within the 
microwave portion of the spectrum are employed for the process. While the frequency 
bands at 915 and 2450 MH Z are the most developed and widely used bands for 
microwave power applications, higher and lower frequency power sources can be 
employed for the process. 
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The time required for the heat up cycle, i.e., for the activated carbon particles to 
reach the desired temperature, varies depending on the particular microwave power 
source used, the form and type of activated carbon, the moisture content of the activated 
carbon, the thickness of the adsorbent bed and other factors. An optimum heat up cycle 
time will be developed for each application's varying parameters. In general, however, 
exposure times can range from a few seconds up to 30 minutes or more. For most 
applications, it is desirable to use exposure times from about 10 seconds up to about 4 
minutes. 

When the desired temperature of the activated carbon within the particulate mass 
is achieved, the mixture is compacted to increase contact between the particles within the 
mixture. This is accomplished by applying moderate compressive pressure to the 
adsorbent bed - either by applying pressure directly to the bed within the container, 
where the container has suitable rigidity or, where the container has suitable flexibility, 
by applying pressure to the container. It is anticipated that vibratory methods may also 
be employed to achieve the desired degree of compaction, particularly if used in 
conjunction with other pressure generating means. The particular method used will 
depend on the structure of the container. 

Compaction/compression of the carbon/binder mixture may be commenced before 
microwave heating has terminated provided, of course, the compaction means used is 
nonconducting. It is more customary, however, that compression of the heated sample be 
started after removal of the container and its contents from the microwave energy. 
Compaction times can vary from a few seconds up to an hour or more depending on the 
pressure being applied, the size and configuration of the adsorbent bed structure, the 
degree to which the activated carbon was heated and any number of other variables. As a 
general rule, length of time for the compacting step will be as short as possible and not 
less than 10 seconds or greater than 30 minutes. 

The method of applying pressure directly to the particulate mixture is particularly 
useful with containers where the top of the bed is fully or substantially fully exposed. In 
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these cases, pressure may be applied over the entire exposed surface area of the adsorbent 
bed by hydraulic means, such as by use of a piston, an inflatable bladder or by any other 
means known for the application of pressure. This method is commonly used with two- 
piece rigid or semi-rigid containers where the particulate mixture is loaded into the 
bottom section and, after the bonded adsorbent bed is formed, the top and bottom sections 
are joined. 

Compaction may be achieved by applying pressure directly to a surface of the 
particulate mixture in one-piece containers provided these containers have an opening of 
suitable size for insertion of an inflatable bladder. Once inserted into the container, the 
bladder is inflated and contacts the surface of the particulate mass within the container to 
provide the compaction necessary for point bond formation. 

The second method where compaction is achieved by applying pressure to the 
container walls is primarily useful where the containment means is constructed from 
flexible or semi-flexible material. 

To effect the desired degree of point bond formation the compaction operation 
should be capable of applying a pressure of from about 2.5 psi up to about 40 psi. Most 
generally, the compactive/compressive force will be from about 3 psi to about 30 psi. 
Compaction may commence at any point during the heat up cycle but, most preferably, is 
carried out after microwave heating has been completed. The only requirement is that the 
compactive force necessary for point bond formation within the particulate mixture be 
maintained while the temperature of the particulate mixture is decreased to below the 
crystalline melting point of the polyolefm binder resin. Cooling to lower the temperature 
of the particulate mass below the melt point of the binder resin and "set" the point bonds 
can be accomplished under ambient conditions or, if desired, supplemental external 
cooling means, such as use of a cooling jacket, can be used. 

By combining the use of microwave with activated carbon particles, which are 
heated by microwaves, and polyolefm binders, which are essentially unaffected by the 
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microwaves, and by the use of microwave transparent containers to hold the particulate 
mixture of carbon and binder during microwave heating, the unique process of the 
invention overcomes many of the problems associated with traditional methods of 
forming bonded adsorbent structures. 

In traditional systems where adsorbents such as carbon and a binder like a 
polyolefin powder are used to form a solid block, both materials are heated during the 
extrusion or compression stage. In such systems all of the polymeric binder is melted 
and, under the conditions of shear or molding, the melted binder can "smear" over the 
carbon surface causing "blinding" of the carbon surface and resulting in a substantial 
decrease in effectiveness of the resulting bonded adsorbent structure. However, since 
only those binder particles which come in contact with two or more adjacent activated 
carbon particles are important in forming the point bonds, it is highly advantageous with 
the instant process, to heat only the carbon particles with microwave and then compress 
the sample so that binder particles in contact with the activated carbon melt to bond 
adjacent carbon particles together. Binder particles only in contact with other binder 
particles, in contact with only one other carbon particle or otherwise disposed within the 
porous structure of the matrix remain essentially in tact in their spherical form thus 
minimizing blinding of the activated carbon. Polyolefin binder not in contact with the 
heated particulate carbon does not undergo significant melt flow and therefore does not 
occlude the active sites. 

Numerous advantages are obtained with the present process. The temperature of 
the activated carbon can be easily controlled by the amount of microwave energy (power 
and time) put into the system. This facilitates the use of different polymeric binder 
systems, including both lower and higher melting polymers, which enables the processor 
to vary the physical properties of the finished bonded activated carbon structure. It also 
makes it possible to vary the porosity and physical integrity (strength) of the bonded 
structures by varying the binder type and particle size, the activated carbon type and 
particle size, the compression energy (time and pressure) and energy input from the 
microwave source. Additionally, because the mixture is heated in situ, low cost 
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containers (molds or canisters) can be used and it is possible to form customized shapes 
which are more intricate than heretofore possible. 

Numerous variations and alternative forms of the invention are possible and the 
5 following examples illustrate just a few of the many possible embodiments. These 
examples are not intended to limit the invention. 

In the examples, 50 grams of the dry powder blends were weighed into a hollow 
nylon cyclinder. The dimensions of the cylinder were h=3.75" OD=2.63", ID=1.88" 
10 Microwave energy was supplied using a microwave oven at a frequency of 2450 MH 2 
rated output of 0.92 kW. The microwave was cycled (10 seconds on and 10 seconds off) 
for the designated time. During each 10 second off interval, the sample was rotated 
approximately 60° When the heating cycle was completed, the mold containing the 

Q heated particulate mixture was removed from the microwave oven and pressure applied 

n 

T A 15 to the mixture while allowing the mold and its contents to cool under ambient conditions 
for periods of time ranging up to 10 minutes. The polyolefin powder used in these 

y examples was an LDPE powder having a peak melting point of approximately 110°C, 

j\ density of 0.923 g/cm 3 (ASTM-D1505) and melt index of approximately 5 g/10 min at 

C3 standard conditions (190°C, 2160 g, ASTM-D1238). Activated carbons used were a 

Hi 

jj 20 granular form from Westvaco (WV-A 1100) (approximately 8.8% moisture) and a 
ll powder form from Calgon Carbon Corp. (TOG 80x325) (approximately 3.3% moisture). 

Moisture contents were obtained using a coulometric titration method measured on the 
moisture released after heating at 245°C. Compositional details, processing conditions 
and characterizations of the bonded activated carbon cyclindrical blocks produced are 
25 provided in the table. 

The versatility of the process is apparent from data presented for samples A-F. 
All of the bonded structures formed had good physical properties and were generally 
judged to be acceptable for commercial applications. The data demonstrate the ability to 
30 vary the type and amount of activated carbon used and to vary the conditions used to heat 
and compact the samples. Bonded activated carbon structures were produced using both 
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granular and powdered carbon and by exposing the samples to microwave heating for 
periods of time ranging from 1 to 2.5 minutes. Useful products were produced using a 
range of pressures and times for the compression/compaction step. 

Results of samples G-J are presented to demonstrate combinations of conditions 
which did not produce bonded structures considered to have acceptable properties. For 
the comparative samples, it should be noted that it might be possible to obtain acceptable 
structures by changing one or more of the process conditions. For example, while sample 
H containing 10% binder with the granular carbon did not form an acceptable structure 
under the heating and compaction conditions selected, an acceptable structure was 
produced (see Sample F) under the same heating and compaction conditions and using 
the same binder and binder level by using a different activated carbon. Also, it will be 
observed that by increasing the time of compaction with the particulate mixture H, it was 
possible to somewhat improve the properties of the resulting structure (compare Samples 
H and I). It is anticipated that with further optimization of the process conditions, i.e., by 
increasing microwave heating time and/or increasing time and/or pressure during 
compaction, that acceptable results could be achieved. 
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